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Motor vehicle with exhaust purification 



Technical field 



The present invention relates to a method of cleaning a filter during operation of a 



vehicle, including an internal combustion engine which, during operation, delivers 
exhaust to em exhaust system comprising said filter and a transmission drivable by 
the engine. 

The present invention relates also to a motor vehicle comprising an internal 
combustion engine which, during operation, delivers exhaust to an exhaust system 
comprising control means, a filter, and a transmission drivable by said engine. 



Various types of filters are used in motor vehicles today to purify exhaust to obtain 
lower emissions. They can be of the CRT (Continuously Regenerating Trap) type, 
i.e. a particle trap in which soot and sulphur compounds stick but which is also 
arranged to be able to be burned cleaned. During operation of vehicles with particle 
filters of this type, particles accumulate in the filter with time. Particles are packed 
into cavities and irregulatities, which plugs the filter. Plugging of the filter results in 
an increase in the exhaust counter pressure in the vehicle so that the vehicle engine 
must generate an unnecessary amount of energy to drive normally, thus increasing 
fuel consumption. 

Summary of the invention 



Prior art 



One purpose of the invention is to provide a method of cleaning a filter in a motor 
vehicle in a cost effective manner. 
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This purpose is achieved with a method of the type described by way of introduction 
by selecting a gear ratio in the vehicle transmission so that a first temperature 
within a first temperature interval is obtained, the first interval being dependent of a 
degree of plugging of the filter with regard to a first particle type, and 
- then selecting a gear ratio so that a second temperature within a second 
temperature interval is obtained, said second temperature interval being dependent 
on another degree of plugging of the filter with regard to a second particle type, the 
first particle type and the second particle type being different from each other, and 
said selection achieving cleaning of the filter. 

This temperature change has the advantage that it achieves a better regeneration of. 
the filter. One advantage achieved with this solution is that the regeneration of the 
filter is achieved by utilizing synergy between the transmission and the engine 
which delivers exhaust to the exhaust housing during operation. More specifically, a 
regeneration of the filter is provided without the need for extra components 
particularly intended for such regeneration. This advantage is obtained by selecting, 
during the operation of the vehicle, the engine speed and the gear ratio so that for 
example the rotational speed of the output shaft of the transmission is substantially 
maintained while the engine rpm is changed so that the exhaust temperature 
increases. This temperature increase causes in tuna the desired cleaning process. 
This solution will be very cost effective since the vehicle does not need to be 
provided with extra components. Furthermore, regeneration of the filter over time 
lowers the vehicle fuel consumption. 

The method according to the invention makes it possible for the filter to be used for 
a longer period of time since it is not subjected to the same level of stresses as 
previously. The life of the filter can be increased since it is burnt clean (regenerated) 
at predetermined, planned intervals. Exhaust purification in the motor vehicle can 
function better in practice with the method. 
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One advantage is that the vehicle with a regenerated filter can be driven more fuel 
economically. In order to achieve advantages in the exhaust purification system, fuel 
consumption can need to be increased in the short term in order to lower the average 
fuel consumption. 

Another advantage is that the above described filter does not need to be removed 
from the vehicle to be cleaned or replaced. The invention is thus both economical 
and time-saving as the vehicle does not need to be brought into the shop as often. 

Furthermore, the vehicle will have improved driving performance since the average 
time value for the degree of the plugging of the filter will be lower than previously 
if there are frequent regenerations. 

The invention provides adapted regeneration (soot combustion) of a CRT 
(Continuously Regenerating Trap) with regard to the soot which has stuck in the 
trap. By actively changing the gear ratio in the vehicle drive line while maintaining 
engine power, even at low rpm 5 an optimal temperature for an oxidation catalytic 
converter can be achieved. The optimal temperature can be in an interval around 
300° C. With an optimal catalytic process, an optimal amount of nitrogen dioxide 
and oxygen is generated in the oxidation catalytic converter, which means that the 
soot in the filter can react chemically and be expelled from the exhaust system. The 
method involves coordinated control of the engine and the transmission. 

By estimating or measuring both the amount and type of particles, a system 
according to the invention can decide when it is time to regenerate the trap. The 
system can, upon an indication or after calculations, temporarily deviate from the 
stored gear selection strategies and possibly optimum fuel consumption to 
regenerate the trap. The system is also designed to consider whether it is more 
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advantageous to regenerate trap at a later time than when a first indication is 
received. 

Furthermore, the invention achieves a regeneration of a CRT with regard to sulphur 
5 which has become stuck in the trap. The process is in principle the same as that 
described above but the regeneration in this case takes place most effectively at a 

4 

temperature interval of about 600° C. The process can also be combined with a 
change in controllable parameters for fuel injection into the combustion chamber of 
the vehicle, which means that some fuel combusts only after entering the exhaust 
10 system, thus elevating the temperature in the same. This can also be achieved with a 
delayed fuel injection. 

Brief description of the drawings 

15 Fig. 1 shows a schematic representation of a vehicle and a control system for the 
same. 

Fig. 2 shows a computer bus with examples of detected or calculated data, which are 
used according to the invention. 

Fig. 3a shows a schematical presentation of an exhaust system for a vehicle. Fig. 3b 
20 shows a diagram of the degree of conversion of NO x compounds in an oxidation 
catalytic converter. Fig. 3 c shows a diagram of how different constant engine 
powers vary with regard to temperature and engine rpm. 

Fig. 4a shows a flow chart illustrating a method according to one embodiment of the 
invention. Fig. 4b shows a flow chart illustrating a more detailed method according 
25 to one embodiment of the invention. Fig. 4c shows a flow chart illustrating a method 
according to one embodiment of the invention. Fig. 4d shows a flow chart 
illustrating a method according to one embodiment of the invention. Fig. 4e shows 
an example of information indicating the degree of plugging of a filter. 
Fig. 5 shows an apparatus used according to one embodiment of the invention. 

30 
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Detailed description of the drawings 

Fig. 1 shows a schematic representation of a vehicle 1 and a control system for the 

same according to one embodiment of the present invention, where 1 0 designates a 

5 six cylinder internal combustion engine, for example a diesel engine, the crank shaft 

20 of which is coupled to a one disc dry disc clutch that is designated 30, which is 

< 

enclosed in a clutch housing 40. Instead of a single disc clutch, a two disc clutch can 
be used. The crank shaft 20 is non-rotatably joined to the clutch body 50, while its 
disc 60 is non-rotatably joined to an input shaft 70 which is rotatably mounted in the 
10 housing 80 of a gear box generally designated 90. A main shaft and an intermediate 
shaft are rotatably mounted in the housing 80. An output shaft 85 extends from the 
gear box 90 to drive the vehicle wheels. 

A first pipe 120 is disposed to conduct exhaust from the engine combustion chamber 
15 to an exhaust housing 140 disposed for exhaust cleaning. A second pipe 150 is 
arranged to conduct the cleaned exhaust and the remaining impurities from the 
housing 140 and out of the vehicle. 

A first control unit 48 is also illustrated for controlling the engine 10 and a second 
20 control unit 45 for controlling the transmission. The first and the second control 

units are adapted for communication with each other via a data bus 21. Below it is 
stated that various processes and method steps take place in the first control unit 48, 
but it should be noted that the- invention is not limited thereto. Rather, the second 
control unit 45 could be used just as well or in combination of the first and second 
25 control units. 

Sensors and detectors have been given the collective label detector means 110. The 
detector means 110 are adapted for communication with both the first and second 
control units via a data bus 25. The detector means 110 can for example comprise a 
30 thermometer for exhaust 390 which can be placed in the housing 140. 
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An estimator 190 is arranged for communication with the detector means 110 and 
the first control unit 48. In this example, the estimator is arranged to communicate 
with the detector means 1 10 via a data bus 24. Below various processes and method 
steps are described as talcing place in the estimator, but it should be noted that the 
invention is not limited thereto. Rather, the estimator can be physically incorporated 
either in the first or second control unit. Alternatively, the control units can be 
arranged to perform the functions of the estimator. The estimator is arranged to 
receive trip data, such as the amount of fuel consumed and instantaneous engine 
load, from the detector means 1 10, to process the trip data to compute vehicle 
exhaust emissions over time for example. The estimator is particularly disposed to 
generate information indicating plugging of the filter 320. According to one 
embodiment, the plugging of the filter 320 is expressed in the form of a value of a 
degree of plugging X in the filter 320. The estimator 190 is arranged to send a status 
signal containing the value of said degree of plugging X to the first control unit 48. 
The degree of plugging can be a qualitatively calculated, estimated value. The 
detector means 110 are thus arrranged to register, during operation, data which can 
be used to qualitatively compute the amount of particles which have become stuck 
in the filter 320. The degree of plugging X includes not only the amount of soot but 
also for example the amount of sulphurous compounds. 

The vehicle 1 in Fig. 1 includes a throttle 44 and a manual gear selector 46, which is 
adapted for communication with the second control unit 45. The gear selector 46 
can have a position for manual shifting and one for automatic gear shifting of the 
vehicle. . 

Fig. 2 shows a data bus 25 and examples of trip data registered or computed by the 
detector means 110. Examples of detected or calculated, instantaneous parameters 
are engine torque 201, exhaust temperature 202, engine power 203, vehicle 
acceleration 204, exhaust counter pressure 205 and fuel consumption 206. Other 
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parameters can be injection timing, EGR valve position, NOP (Needle Opening 
Pressure). With the above mentioned parameters, the estimator 190 can compute the 
degree of plugging X of the filter 320. 

5 Fig. 3a shows a schematic representation of an exhaust system according to one 

embodiment of the invention. The first pipe 120 is arranged to conduct exhaust 

« 

particles from the vehicle's combustion chambers to the housing 140 in which the 
exhaust gases are completely or partially purified. Furthermore, the second pipe 150 
is arranged to conduct the cleaned exhaust from the housing 140 and out of the 

10 vehicle 1 in Fig. 1. The housing 140 can consist of stainless steel. The housing 140 
comprises a catalytic converter 310, which according to one aspect of the invention 
is an oxidation catalytic converter. The catalytic converter 310 can be provided with 
open channels, in which a chemical reaction takes place. Typically, in the catalytic 
converter 310, there are formed nitrogen dioxide (N0 2 ) and oxygen (0 2 ) of NO x 

1 5 compounds, such as nitrogen trioxide (N0 3 ) under the effect of temperature. 

Furthermore, the housing 140 includes the particle filter 320, which can be a diesel 
trap (DPF, Diesel Particle Filter), of CRT type. According to one embodiment of the 
filter 320, it lacks open channels. The exhaust gases are forced to pass through the 
20 filter on the way out of the exhaust S3'stem, in which trap particles can stick. The 
particles can consist of soot mid sulphur compounds. Both the catalytic converter 
310 and the trap 320 can be of ceramic materials and have a catalytic coating. 

Some soot and sulphur compounds are collected during driving in the trap 320 and 
25 are packed there in uneven places and cavities. Soot and sulphur particles in the 
filter 320 can react chemically with oxygen under certain temperature conditions. 
Such a reaction can be initiated by steering the temperature in the housing 140 to a 
suitable value. This reaction can be called regeneration or burning clean. This 
regeneration can be an oxidation process. A large portion of the oxygen which can 
30 react with soot and sulphur particles is generated in the catalytic converter 310. The 
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result of a so-called regeneration with regard to soot is carbon dioxide (CO2). The 
second pipe 150 is arranged after the regeneration to conduct the resulting carbon 
dioxide from the housing 140 and out of the vehicle 1 in Fig. 1. 

5 Fig. 3b illustrates how the degree of conversion for NO x compounds to N0 2 in the 
catalytic converter 310 varies as a function of the exhaust temperature. It can be 
seen from the figure that the highest degree of conversion (in this example 0.7) is 
obtained at a temperature of circa 300° C. Furthermore, there can be seen that the 
degree of conversion is relatively high within a temperature interval T. This 

10 temperature interval can be between 150 and 450° C. The corresponding 
temperature interval for sulphur can be between 350 and 750° C. 

Fig. 3c illustrates how different constant engine powers are dependent on the 
exhaust temperature T (°C) in the vehicle exhaust system and engine speed (rpm). 
15 Fig. 3 c shows that the exhaust temperature increases if the engine speed is reduced 
for a constant engine power. Furthermore, the figure shows that a higher exhaust 
temperature can be obtained for higher constant engine power when the engine 
speed is reduced. 

20 Fig. 4a shows a flow chart illustrating a method of achieving lower fuel 

consumption in a motor vehicle according to one embodiment of the invention. 

The method involves the step s401 of selecting a gear ratio for the vehicle drive line, 
said selection being dependent on the degree of plugging (X) in the filter (320), this 
25 gear ratio being selected so that it causes a temperature change in the vehicle 
exhaust system to optimize the degree of conversion of NO x compounds into 
nitrogen dioxide in the catalytic converter 310. An optimization of the oxygene gas 
generated in the same catalytic converter is also obtained thereby. An increased 
amount of oxygen and an elevated temperature in the exhaust system results in a 
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burning clean (regeneration) of the filter 320 with regard to for example soot and/or 
sulphur compounds. 

The combustion of soot means that soot is removed from the filter 320. This can 
occur by the soot reacting with oxygen to form carbon dioxide which can then be 
transported out of the exhaust system via the pipe 150. 

The combustion of sulphur compounds removes these from the filter 320. This can 
occur by the sulphur compounds reacting with oxygen and the compounds formed 
thereby can then be transported out of the exhaust system via the pipe 150. 

Fig. 4b shows a more detailed flow chart illustrating a method according to one 
embodiment of the invention. The method comprises the step s425 of receiving in 
the estimator 190 trip data such as for example 201-209 from the detector means 
110. According to a model stored in the estimator 190, a value of degree of plugging 
X can be calculated on the basis of the trip data received. This is done in step s430. 
X can be a qualitative value of for example how great an amount of particles, what 
types of particles and how great an amount of particles of a certain type have 
become stuck in the trap 320. Fig. 4e shows an example of how information 
indicating the degree of plugging of the trap can be structured. The information can 
be stored in a table B with N rows and at least two columns. In the first column Al 
there are different particle compounds stored. Each particle compound has a 
corresponding instantaneous value ml, m2, .... mN arranged in column A2. ml, m2, 
. . ., mN are the respective accumulated values representing how man}' particles of 
the corresponding type of particle are collected in the filter 320. For example, there 
is the amount ml of soot particles in the filter at the point of time represented by the 
table B. Furthermore, there is the amount m2 of sulphur compound particles at the 
time represented by the table B, and so on. 
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The degree of plugging X and the threshold value M, described below, can contain 
some of the information represented in the table B. 

When the degree of plugging X has been computed, it is sent in the method step 
5 s433 from the estimator 190 to the fust control unit 48, for example, which receives 
the information. 

In step s435 the degree of plugging X is compared in the first control unit 48 with a 
stored predetermined degree of plugging M. M is a threshold value which shows the 
10 degree of plugging which the filter 320 should have at most. If X is greater than M, 
this is an indication that the filter 320 should be regenerated, and the method step 
s437 will follow. If the comparison shows that X is less than M, there is a return to 
method step s42 5. 

15 In method step s437 a qualitative optimization is performed as to which gear ratio is 
best to achieve a desired result as regards temperature change in the exhaust system. 
The optimization can be achieved by coordination with a shifting strategy stored in 
the second control unit 45. Optimization can be based on a number of different 
parameters, such as gear ratio of the drive chain and the period with changed gear 

20 ratio in the drive chain. Thus there is determined for which particle compound(s) 
there is to be regeneration, how long the regeneration (burning clean) is to take 
place and what result is desired. 

In method step s440 it is determined whether the regeneration of the filter 320 is to 
25 be initiated immediately or whether regeneration at a later time is better. One 

example of a traffic situation where regeneration should preferably be postponed 
can be when the vehicle is on its way up a hill and an up-shifting to achieve a 
temperature rise in the exhaust system would be unsuitable, since the engine would 
be forced to operate at too low a rotational speed. If regeneration of the filter 320 is 
30 not to be initiated immediately, there is a return to s425. 
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After initiation the same is implemented in method step s450, and the gear ratio in 
the vehicle drive chain is possibly changed. The gear ratio can be changed in one or 
more steps. For example, the ratio can be changed from a third gear to a forth gear 
5 to achieve a temperature rise in the exhaust system to regenerate the filter 320 

during a certain period of time. The time period can for example be two minutes. 

In method step s455, the result o the regeneration is evaluated. This can be done 
with the aid of models stored in the estimator. Furthermore, a plugging can be 
10 detected if there is a high flow resistance after soot burning. If the result is the 

desired result or sufficiently good, the method can be terminated. Otherwise, the 
next method step is s437 in Fig. 4d where an optimization regards to other particles 
than soot also takes place. 

15 According to another aspect of the invention, the amount of particles which have 

become stuck in the trap 320 are detected by a detector (not shown in the figure). In 
this case, a signal indicating that a certain threshold value has been exceeded, is sent 
from the detector to. the first control unit 48. This is illustrated in method step s460 
in Fig. 4c. Thereafter follow method steps s437, s440 and s450 as above. The 

20 method is thereafter terminated. 

In Fig. 4d, the method steps s437, s440 and s450 takes place as above, but with a 
view to other particles than soot, for example sulphur compounds. 

25 Fig. 5 shows an apparatus 500 according to one aspect of the invention, comprising 
a non-volatile memory 520, a processor 510 and a read and write memory 560. The 
memory 520 has a first memory portion 530 in which a computer program for 
controlling the apparatus 500 is stored. The computer program in the memory 
portion 530 for controlling the apparatus 500 can be an operating system. 

30 
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The apparatus 500 can be enclosed for example in a control unit, such as the control 
unit 45 or 48. The data processing unit 510 can comprise a microcomputer. 

The memory 520 also has a second memoiy portion 540 in which there is stored a 

program for exhaust purification in a motor vehicle. In an alternative embodiment 

the program for exhaust purification in a motor vehicle is stored in a separate non- 

< 

volatile computer storage medium 550, such as a CD disc or a replaceable 
semiconductor memory. The program can be stored in executable form or in a 
compressed state. 

Since in the following it is described that the data processing unit 510 performs a 
special function, it should be clear that the data processing unit 510 runs a special 
part of the program which is stored in the memoiy 540 or a special part of the 
program which is stored in the non-volatile recording medium 550. 

The data processing unit 5 10 is adapted for communication with the memoiy 550 by 
means of a data bus 514. The data processing unit 5 10 is also adapted for 
communication with the memory 420 via a data bus 512. Furthermore, the data 
processing unit 510 is adapted for communication with the memoiy 560 by means of 
a data bus 511. The data processing unit 5 1 0 is also adapted for communication with 
a data port 590 via a data bus 515. 

The methods described in Figs. 4a, 4b and 4c can be performed by the data 
processing unit 5 10 by the data processing unit 510 running the program which is 
stored in the memory 540 or the program which is stored in the non-volatile 
recording medium 550. 



